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Abstract
Purpose The aims of this study were to investigate (1) the
concurrent relationship between short-term and long-term
stress reactivity measured by cortisol excretion and (2) the
relationship of these physiological stress eVects with self-
reported stress and need for recovery after work (NFR).
Methods Participants were production workers in the
meat-processing industry. Short-term cortisol excretion was
calculated by summing 18 saliva samples, sampled over a
3-day period. Samples were delivered by 37 participants.
Twenty-nine of them also supplied one hair sample of at
least 3 cm in length for an analysis of long-term (3 months)
cortisol excretion. All of them Wlled in a short questionnaire
on self-reported stress and NFR. Self-reported stress was
assessed by a three-item stress screener; NFR was assessed
by an 11-item scale.
Results Short-term and long-term cortisol excretion are
signiWcantly, but moderately, associated (r = 0.41, P = 0.03).
Short-term and long-term cortisol excretion correlated
weakly to self-reported stress and NFR (correlations varied
from ¡0.04 to 0.21).
Conclusions Short-term and long-term physiological
stress excretion levels are moderately associated. Physio-
logical stress eVects assessed from saliva and hair cannot be
used interchangeably with self-reported stress because they
only correlate weakly. To better predict long-term cortisol
excretion in workers, the predictive value of short-term cor-
tisol excretion must be evaluated in a prognostic longitudi-
nal study in a working population.
Keywords Hair · Saliva · Cortisol · Stress · Measurement
Introduction
Over the past decade, stress has received increasing atten-
tion, particularly in relation to stress factors experienced by
workers, self-reported stress and objective measurements of
stress (Chida and Steptoe 2009; Maina et al. 2008; Sluiter
et al. 1998). Research into stress hormone reactivity is quite
common, especially when measured in urine, blood and
saliva (Maina et al. 2008; Sluiter et al. 1998; Evolahti et al.
2006). These body Xuids are used to measure short-term
cortisol excretion. The relationship between short-term sal-
ivary cortisol excretion and self-reported psychological
stress has frequently been investigated. However, results of
these studies show diVerent outcomes. Dettenborn et al.
(2010) stated that a lack of an association between these
parameters is not uncommon in the literature.
However, few studies have examined long-term physio-
logical stress eVects because of a lack of biomarkers.
Recently, a new procedure has been developed to measure
cumulative stress hormone reactivity, that is, cortisol, in
human hair. Long-term cortisol excretion can now be accu-
rately measured, up to 6 months back (Dettenborn et al.
2010). Sauvé et al. (2007) reported a signiWcant, but moder-
ate, correlation (r = 0.33, P = 0.04) between 24-h urinary
cortisol excretion and hair cortisol concentrations in
humans. Only one study reported measuring both long-term
(in hair) and short-term (in saliva) cortisol excretion simul-
taneously in a mixed group of anxious and non-anxious
subjects (Steudte et al. 2010). No signiWcant correlations
(r = 0.27) were found in that study, perhaps due to the fact
that too few saliva measurements were incorporated
(2 days, 6 samples/day) or the mean value that was calculated.
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between hair and salivary cortisol reactivity in rhesus
macaque monkeys, but they point out that this relationship
has to be investigated for any new species being tested.
To study whether short-term cortisol excretion can pre-
dict long-term cortisol excretion, it seemed plausible to Wrst
study their concurrent relationship. If the concurrent rela-
tionship between current salivary cortisol excretion and ret-
rospective excretion in hair is strong enough, it is necessary
to set up a longitudinal study to investigate the predictive
value of short-term cortisol excretion on long-term cortisol
excretion in a criterion-related validity study.
To gain a further understanding of acute and chronic
stress reactivity and their relationship, we set out to investi-
gate these parameters in a working population. The aim
was to investigate the concurrent association between
short-term and long-term cortisol reactivity. We also inves-
tigated how self-reported stress is associated with physio-
logical cortisol reactivity in saliva and hair.
Methods
Participants were recruited from companies in the Dutch
meat-processing industry as part of a larger workload study.
Forty-two production workers were approached from eight
organizations that were appointed for this study by a com-
mittee of employers and employees of the meat-procession
sector to participate in this study. Participants received oral
and written instructions about the protocol. Participation
was voluntary. After signing the informed consent form,
measurements were initiated.
Participation consisted of collecting saliva samples on
3 days, that is, two working days and one day oV, within
7 days. Each participant received 6 Salivettes (Sarstedt,
Etten-Leur, The Netherlands) per day and was instructed to
take a sample at prescribed times (9:00 a.m., 11:00 a.m.,
1:00 p.m., 3:00 p.m., 5:00 p.m., 8:00 p.m.). The exact time
of sample collection was noted, next to possible peculiari-
ties. Peculiarities were, for instance, events that could dis-
turb cortisol production.
A single strand of hair of at least 3 cm in length was cut
from the back of the skull. One centimetre of hair repre-
sents the accumulation eVects of stress for approximately
1 month (Gow et al. 2010). In this way, cumulative stress
reactivity of the past 3 months could be determined.
Self-reported stress eVects were assessed by the vali-
dated stress screener (Braam et al. 2009) and recovery
problems after working time. The need for recovery after
work was assessed by an 11-item instrument as described
by De Croon et al. (2003). Participants Wlled in the ques-
tionnaire at the same time as the hair samples were col-
lected.
Saliva and hair analyses were performed at the labora-
tory of Prof. Dr. C. Kirschbaum in Dresden, Germany. The
protocol for saliva analysis is described by Strahler et al.
(2010), and the protocol for hair analysis by Kirschbaum
et al. (2009).
Participants without salivary cortisol data were excluded
from the analyses. For the remaining data, missing individ-
ual salivary cortisol values were replaced by group means
of the speciWc time of day. For the analyses, all salivary
cortisol concentrations within subjects were summed to
calculate an accumulated short-term stress marker over a
3-day period. For the stress screener (min 0–max 6) and
NFR (min 0–max 100), scale scores were calculated. Pear-
son’s correlation coeYcient (r) was calculated between
short-term and long-term cortisol excretion, and R2 was cal-
culated from there. Cohen’s criteria (Cohen 1998) for cor-
relations were used: low when r = 0.1–0.3, moderate when
r = 0.3–0.5, and high when r = 0.5–1.0. Furthermore, Pear-
son’s correlations were calculated between short-and long-
term cortisol excretion, self-reported stress, and NFR. For
all analyses, the signiWcance level was set at P < 0.05.
Results are presented as means (§SD).
Results
Useful saliva measurements were collected from 37 work-
ers, and useful hair measurements were collected from 29
workers. Complete data were available from 27 partici-
pants. Among the participants, 81% were men and 19%
were women. The average age of the participants was 46
(§10) years, and their average body mass index (BMI) was
26 (§4) kg/m2.
Short-term cortisol excretion was on average (SD) 114.2
(§38.5) nmol/l. Long-term cortisol excretion was on aver-
age (SD) 15.4 (§8.7) pg/mg.
Correlations are displayed in Table 1. Short-term and
long-term cortisol excretion correlated signiWcantly and
moderately (r = 0.41, P = 0.03). The variation in short-term
Table 1 Correlations between need for recovery after work, stress
complaints, short-term physiological stress eVects and long-term phys-
iological stress eVects
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long-term cortisol excretion (R2 = 0.17).
Correlations between stress complaints or need for
recovery and physiological stress reactivity were low and
varied between ¡0.04 and 0.21.
Discussion
Short-term and long-term cortisol reactivity representing
short-term and long-term physiological stress levels are
moderately associated. Physiological stress levels assessed
from saliva and hair cannot be used interchangeably with
self-reported stress in this working population because they
correlate only weakly.
This paper presents unique material on measurement of
short-term and long-term physiological stress reactivity in
one group of workers. Both short-term and long-term corti-
sol reactivity have been investigated within subjects to elu-
cidate their relationship. Also, short-term stress reactivity
has been represented as an accumulation of multiple acute
cortisol measurements over a time period of 3 days, which
has not been presented before.
The hair cortisol levels are comparable to those reported
by Dettenborn et al. (2010) and Steudte et al. (2010). Short-
term cortisol excretion has not been presented in a similar
way, but individual cortisol values were comparable to those
reported by Steudte et al. (2010) and Strahler et al. (2010).
Short-term and long-term cortisol reactivity correlate
moderately. This leads to the suggestion that acute stress
eVects may, in the long run, lead to chronic stress eVects.
These results are supported by the Wndings of Sauvé et al.
(2007), who reported the same correlation (r = 0.33,
P = 0.04) between 24-h (acute) urinary cortisol concentra-
tions and hair cortisol. They also reported a non-signiWcant
correlation between hair cortisol and salivary cortisol
(r = 0.31, P = 0.12), but in that study, only 1 saliva sample
was obtained between 7:30 and 10:00 a.m..
Self-reported stress included both past and present expe-
riences. Participants were asked about their experiences
over the past weeks in the self-reports. No signiWcant corre-
lation was found between short- or long-term cortisol
excretion and self-reported stress levels. Therefore, cortisol
excretion and self-reported stress do not represent the same
concept. Another explanation might be the timeline, that is,
retrospective assessment of self-reported stress levels of
several days or weeks, prospective short-term cortisol
excretion (today and for two more days in the coming
week), and retrospective estimate of long-term cortisol
excretion (representing the last 3 months), and would sug-
gest change to the planning of reports and sampling in
future studies.
Need for recovery after work showed low associations
with the parameters of physiological stress eVects in this
study. Possible explanations for these Wndings might be
the fact that we averaged working days with days oV.
However, in earlier studies, both urinary cortisol values of
only working days and days oV correlated with need for
recovery (Sluiter et al. 2001. Another explanation could
be that only part of the evening (up to a 2000 hours sam-
ple) was included in this study, and therefore, only part of
the recovery time after work was included. An explana-
tion for the low association Wndings of need for recovery
levels with the long-term cortisol excretion might be the
reversed timescale: need for recovery after working time
is evaluated during the last 2 weeks while the physiologi-
cal parameter in hair mirrored the three last months. More
studies would be necessary to gain knowledge on this
topic.
Because our saliva samples were only measured during
daytime (9 a.m. till 8 p.m.) while hair cortisol would theo-
retically be dependent on both day and night time, one
could argue that a more ideal design would have included
evening and night samples as well. As this was not the
case, we could acknowledge this as a limitation of our
study. However, we are not so worried about this issue
because in earlier studies that we performed while using
urinary cortisol sampling throughout day and night, we
did not Wnd large diVerences in mean excretion rate
between night and morning time periods (Sluiter et al.
2000b).
For a long time, cortisol reactivity could only be mea-
sured in a way that would represent the short-term stress
hormone reactivity in blood, urine or saliva, but the devel-
opment of hair analysis has provided new opportunities. By
using hair cortisol, opportunities for cumulated stress reac-
tivity over a much longer period of time are possible and
can be measured as long-term indicators of stress reactivity.
A beneWt in comparison with urine, saliva or blood collec-
tion (Sluiter et al. 2000) is that this method is less elaborate
as well.
It can be concluded that short-term stress hormone reac-
tivity is moderately associated with long-term stress reac-
tivity when both are assessed concurrently. Self-reported
parameters of stress estimated over a few weeks were not
valuable in this study to predict short-term and long-term
cortisol excretion. Therefore, to measure self-reported
stress levels, questionnaires are still the preferred assess-
ment method.
Ideally, when short-term cortisol reactivity is used to
predict future long-term reactivity, the order of sampling
should be reversed compared to what was done in this
study. It is recommended that a longitudinal study be con-
ducted to answer our question in a predictive way.123
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